The observation by Warburg (1) that the amount of oxygen used by a slice of Flexner-Jobling rat carcinoma was less than that absorbed by such normal tissues as liver or kidney, has opened the way for the further study of the metabolism of tumor and other rapidly growing cells. The immature white blood ceils of myelogenous leucemia resemble somewhat those of the malignant neoplasms in their growth rate and behavior, and response to exposures to Roentgen rays. They serve as excellent material for the study of oxygen consumption because of their availability and the ease with which they can be manipulated in vitro.
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Patients with leucemia frequently have an elevated basal metabolic rate, particularly when the blood contains many immature cells (Riddle and Sturgis (2)). The possibility of a causal relationship between the rate of oxygen absorption by the patient and the degree of maturation of the blood cells presents a problem toward the solution of which this study of cell respiration in the microspirometer offers some data.
The studies reported here include observations on the blood of normal individuals, a patient with a leucocytosis from sepsis, and patients with chronic myelogenous leucemia in various stages of the disease. 53 
Methods.
The details of the use of the special microspirometer have been reported elsewhere (3) . The method of Lundsgaard and MSller (4) was used in the determination of the oxygen content of the blood in the Van Slyke blood gas apparatus. Blood from the arm veins was used and the enumeration of the cells was made by the standard methods. In making the differential leucocyte counts, 500 to 1000 white blood ceils were studied.
DATA.
Normal Blood.
When the venous blood from a normal individual is transferred directly to the microspirometer part of the oxygen is used to convert the reduced hemoglobin to oxyhemoglobin. The amount used in excess of this represents the oxygen used for metabolism by the ceils.
The oxygen content of a specimen of blood can be measured at the beginning and end of an experiment and the amount of oxygen necessary for saturation of the hemoglobin can also be determined by use of the Van Slyke blood gas apparatus. The microspirometer, however, shows the total amount of oxygen used during a similar period of time.
The results are reported of sixteen observations in which the hemoglobin was unsaturated and six cases in which the hemoglobin was "saturated" before placing in the chamber.
In sixteen specimens of normal blood which were transferred directly to the microspirometer without being exposed to the air, the average amount of oxygen used was 6.66 cc. per 100 cc. of blood. An example of such an experiment in which the blood was not previously saturated with oxygen is shown in Table I .
In the experiment recorded in Table I the difference between the oxygen content at the beginning of the observations and at the completion of the experiment, as measured by the Van Slyke apparatus, was 5.49 cc. The degree of unsaturation of the blood at the beginning was 6.24 per cent, so that the blood became practically saturated in the microspirometer.
The amount used in 1 hour was 6.72 cc. of oxygen per 100 cc. of blood. This included the 6.24 cc. to saturate the hemoglobin, so that the actual consumption in this case was 0.48 cc. This is such a small amount that it is hardly significant, as it is but little over twice the possible error which arises in reading the manometer. The results in fifteen other experiments with normal blood under similar conditions were entirely comparable. In six specimens of normal blood which were "saturated'! with oxygen outside of the apparatus the oxygen consumption averaged The microspirometer was in the water bath at 37.5°C. for 1½ hours before the blood was placed in the metabolism chamber. 15 minutes elapsed from the time that the blood was drawn to the first reading on the manometer. 0.055 cc. per 100 cc. of blood. The error in reading the meniscus of the bile tube may represent 0.235 cc. so that the oxygen absorption of normal blood, as determined by this microspirometer, is zero within the limits of experimental error.
Polymorphonuclear Neutrophil Leucocytosis.
The simplest change in blood that may affect its metabolism is an increase in the number of white blood corpuscles due to leucocytosis. In blood with a high leucocyte count, the absorption of oxygen be-came appreciable under the conditions of these experiments. Table  II shows data concerning the oxygen absorption by this blood from a patient with an infected tumor growth. The white blood cell count was 24,000 per c.mm. and 85.6 per cent of the cells were mature polymorphonuclear leucocytes. The blood was saturated with oxygen for 5 minutes in a large flask. The preliminary increase in volume of the respiration chamber gases, noted in all the experiments and referred to in the preceding paper (3), continued for 60 minutes after the microspirometer was closed. The first decrease in volume was recorded 67 minutes after the blood was drawn. * During the next 50 minutes there was no more oxygen absorption as indicated by identical readings of the level of the bile in the manometer.
Two sets of observations on the blood of the same patient on different days gave the following results: When the absolute white blood cell count was 22,250 per c.mm. (19,180 polymorphonuclear neutrophils) the oxygen consumption was 2.75 cc. per hour per 100 cc. of blood. When the count was 18,700 (15,800 polymorphonuclear neutrophils), the oxygen consumption was 1.73 cc. per hour per 100 cc. of blood.
The oxygen content at the end of the experiment was less than that at the beginning, and the hemoglobin was 4.73 per cent unsaturated, even though it had been exposed to oxygen throughout the observations. This was different from the normal bloods and was comparable to the condition in the leucemic bloods described later.
Chronic M yelogenous Leucemia.
In blood from patients with chronic myelogenous leucemia, where many of the cells are of an immature and often atypical sort, the rate of oxygen absorption is easily measurable. The observations recorded in Table III illustrate the rate and amount of oxygen absorption in the blood of a woman who had had leucemia for 2½ years. The difference between the oxygen content at the beginning of the observations and at the completion of the experiment, as measured by the Van Slyke apparatus, was 10.75 cc. Although the blood was saturated at the beginning, it was very far from saturated at the end of the observations. The amount of oxygen used by the same sample of blood in the microspirometer during this period was 37.63 cc.
Another portion of the same specimen of blood was kept under oil in an incubator, at 37.5°C. and the oxygen content was deter- * The absolute number of mature polymorphonuclear neutrophils is contrasted with the absolute number of immature ceils which include myelocytes of all stages and myeloblasts. The number of eosinophilic and basophilic polymorphonuclear cells is not included. The number of lymphocytes, which is comparatively small in most leucemic bloods with high white counts, is disregarded in this comparative study. mined at intervals by Dr. Arlie V. Bock. Practically all the oxyhemoglobin was reduced in 3 hours. The oxygen-combining power at the start was 13.55 cc. per 100 cc. of blood, and at the end was 0.04 cc. pe r 100 cc. of blood. : The data of the first Six cases of chronic myelogenous leucemia given in Table IV are better for comparative purposes than the other four cases because the red blood counts (2.8 to 3.2 millions per c.mm.) and the hemoglobin percentages (53 to 68, Sahli) were similar enough to be practically the same. The color indexes of these six patients were: 0.94; 0.91; 1.1; 1.09; 1.03; and 0.98 (average 1.008) while those of the others were 1.6; 0.87; and 0.61. The influence of the number of red blood corpuscles and the per cent of hemoglobin thus did not enter significantly into variations in oxygen absorption by the first six cases enumerated so that it is proper to attribute variations in metabolic activity especially to the leucocytes. DISCUSSION. When blood from a normal individual is drawn from a vein and transferred directly to the microspirometer, part of the oxygen absorbed is used to convert the reduced hemoglobin to oxyhemoglobin. The amount used in excess of this represents, to a great extent, the oxygen absorbed by the leucocytes. The reticulated red blood cells (young cells) apparently have the power to absorb oxygen (Morawitz (5), Morawitz and Itami (6), Harrop (7), and Denecke (8)). In the cases of leucemia with a high white blood cell count they formed but a minor fraction of the total number of metabolizing cells, so that the amount of oxygen that they used was but a small part of the total. The part played by the blood platelets in the consumption of oxygen is not known.
In normal blood, when the hemoglobin is saturated, the oxygen consumption is less than in blood in which the number of leucocytes is high. Furthermore, the process of utilization of oxygen lasted longer in the leucemic blood and that from the patient with leucocytosis than in a normal blood. The readings on the manometer tube usually became constant after 1½ hours when normal blood was being studied, while a constant progressive change was noted in the bloods with high white counts from 1½ to over 10 hours, and possibly longer. Leucemic blood used from 3.7 cc. to 70.5 cc. of oxygen per 100 cc. of blood during the course of the period of observation (i.e. until absorption stopped or the experiment was discontinued) while there was practically no absorption by normal blood and 1.41 ce. to 1.76 cc. by the blood of the patient with leucocytosis, when absorption was complete.
When the different leucemic bloods and the one with simple leucocytosis are compared, and an effort is made to correlate the amount of oxygen used per hour with the total white blood count, the total number of immature white blood cells, the total red blood cell count, the hemoglobin percentage, and the total number of mature polymorphonuclear neutrophils, the highest degree of correlation is found with the last named factor. This is shown in Chart 1. In Table IV it will be noted that the individual observations vary from the average the least when it is assumed that the bulk of the oxygen absorbed is taken up by the mature polymorphonuclear neutrophils, arid the variation from the average is much greater when the total white blood ceil count or the number of immature cells is used for comparison. The adult cells appear to use more oxygen than the immature ones under the conditions of these experiments as shown in Table IV . In Patient 5 the number of immature cells was 176,000 per c.mm., whereas in Patient 4 the number of immature cells was 67,650 per c.mm. In the former the rate of oxygen absorption, under the conditions of this microspirometer, was only 7.30 cc. per hour per 100 cc. of blood whereas in the latter the consumption was 12.67 cc. per hour. Evidently the immature cells used less oxygen than a corresponding number of mature cells. Whether this is true of the cells in the body or not is a matter for additional study. The immature cells may be more susceptible to changes in their environment than the adult cells, and therefore show a lower rate of metabolism in vitro.
If the rate of metabolism of the immature white blood cells is low, as compared with that for the adult cells, the former resemble tumor cells in this respect more than embryonic or young tissue cells. The immature leucocytes behaved as did Warburg's tumor tissue (1) when exposed to the conditions of a microspirometer. These observations also make it seem improbable that there is a direct relation between the oxygen metabolism of the immature blood cells in the peripheral circulation and the increased basal metabolic rate of the leucemic patients. The hemoglobin of normal blood, as noted after it has been for a long period of time in the microspirometer, remains saturated with oxygen. This is sharply in contrast to what happened under similar circumstances to the leucemic blood, for it was found that its hemoglobin was no longer saturated with oxygen, although it was exposed to the air of the respiration chamber and kept in motion. When such blood was taken from the apparatus and exposed to the air of the room it was found that it did not take up oxygen to the full capacity of the hemoglobin present, so that in some cases it was as much as 4.78 volumes per cent desaturated. As this was a fairly constant observation for leucemic blood when the white blood cell count was high, and not characteristic of normal blood as noted by us and by others (Harrop (7)), it is thought that there may have been some factor which changed part of the hemoglobin. However, there was no definite evidence of this and spectroscopic examination failed to show the presence of methemoglobin.
The carbon dioxide was absorbed in all these experiments as fast as it was produced. Evidently some "fixed" acid, probably lactic, was formed as in those experiments on leucemic blood in which the carbon dioxide-combining power of the plasma was measured before and after the observations. It was found that the carbon dioxidecombining power was reduced in the leucemic bloods to practically nothing as the figure obtained was so small that it was within the limits of possible error of the method of determination.
There were no gross changes noted in general morphologic characters of the cells after they had been in the microspirometer for the period of the experiments. They appeared normal in all respects when studied with supravital stains or examined in films colored with Wright's stain. The oxidase reaction was the same or possibly more intensely positive at the end than at the beginning of the experiment.
SUM2~AR¥ AND CONCLUSIONS.
i. The oxygen consumption of blood of normal individuals, when the hemoglobin is saturated with oxygen, is practically zero within the limits of experimental error of the microspirometer used.
2. The oxygen consumed in a microspirometer by the blood of patients with chronic myelogenous leucemia with a high white blood cell count, and of one with leucocytosis from sepsis, was proportional to the number of adult polymorphonuclear neutrophils in the blood.
3. No correlation could be made between the rate of oxygen absorption and the total number of white blood cells in the blood, or the total number of immature cells, or the number of red blood cells, or the amount of oxyhemoglobin.
4. The blood of patients with chronic myelogenous leucemia continued to use oxygen in the microspirometer longer than that of normal individuals, and the hemoglobin, in the leucemic bloods, became desaturated even though exposed to air.
5. In blood in which the bulk of the cells were immature and the mature cells few, the oxygen consumption was lower than in blood in which the mature cells predominated. The rate of oxygen consumption of the immature cells was relatively low as compared to the mature.
6. The slower rate of oxygen absorption by the immature leucocytes in chronic myelogenous leucemia as compared to the mature cells, places them, in accord with Warburg's reports, in the class of
